Aim. The dynamics of expression of protective proteins (lectin and defensin) genes of different genotypes
Introduction.
Plant-pathogen biochemical interactions under the infection process demonstrate complicated regulatory linkage between these two organisms. The investigation of these interactions on the levels, ranging from the organism to a cell, testifies to the activation of different mechanisms of pathogen attack and plant defence, depending on the stage of development of the disease. The resistance of plants to pathogens is determined by complicated interdependent systems, which are genetically controlled. Antimicrobial compounds have the most complicated mechanisms of defence, serving to recognize and eliminate specific kinds of pathogenic cells attack.
Lectins, low-molecular proteins, are primary substances, responsible for the process of recognizing a foreign agent, its binding, prevention or slowing down the infection process. They also participate in the formation of plant immunity as a primary link of elicitor-induced launch of plant cell signalling systems. The hypotheses on the participation of lectins in plant defence from pathogenic agents are proven by the data on the capability of lectins to have specific interaction with the surface of bacterial cells, of fungal spores and hyphae [1] ; it results in incompatible or compatible interaction of organisms which is revealed in induction or absence of plants defence reaction to the pathogen attack.
On the other hand, inherent immunity is conditioned by the presence (or capability of quick synthesis) of a certain number of antimicrobial compounds and their activation at the exogenous elicitor action [2] . One of the classes of such compounds is plant defensins -minor peptides, micromolar concentrations [3] of which demonstrate antimicrobial activity against a wide spectrum of phytopathogenic fungi as well as agents of human diseases [4, 5] . Besides, they launch signalling cascades [6] and cause morphological changes in fungal hyphae [7, 8] .
Experimental data bring evidence to the expression of plant defensins genes in response to fungal attack which increases plants resistance to pathogenic agents [9] .
Since the active reactions to the attack of pathogenic agents are usually connected with the change in expression of genes, coding pathogen-induced proteins [10] , the aim of this work was to study the dynamics of lectin and defensin genes expression in the formation of immune response of winter wheat cultivars (Triticum aestivum L.), differing in their level of resistance, which were affected by eyespot agent (P. herpotrichoides (Fron) Deighton) at early stages of ontogenesis.
Materials and Methods. The objects of study were winter wheat (T. aestivum L.) seedlings of susceptible to eyespotcultivar Mironivska 80 (Ukrainian selection), and seedlings of comparatively resistant cultivar Roazon (French selection), selected on the basis of literature data and resistance screening of cultivars, previously performed [11] . Conidia suspension with the initial titre (5-7)·10 4 conidia/ml [11] of highly virulent strain 543 7/1 P. herpotrichoides (Fron) Deighton (synonym Cercosporella herpotrichoides, teleomorph Tapesia yallundae (Wallwork & Spooner) , synonym Oculimacula yallundae [12] ) was used for infecting. Fungi granted by the laboratory of agricultural plants immunity to diseases, Institute of Plant Protection, UAAS.
The expression of lectin gene WGA-B (B-lectinTaGLLc) and defensin gene (Tad1) was determined using RT-PCR ( reverse transcription polymerase chain reaction) [13] . The initial level of transcripts was determined 24 hours after the start of first watering of studied seeds -at the moment of inoculation with conidia suspension. The following samples were selected every 1.5 hour (for 6 hours). The seedlings were fixed in liquid nitrogen and total RNA was isolated by the method of acid-phenol extraction according to the standard scheme [14] . The data on nucleotide sequences of gene sequences of lectin and defensin of T. aestivum were obtained from nucleotide database of the National Center for Biotechnology Information US (PubMed). Primers were selected using Primer detection program (the most suitable primers for lectin were 5'-gcatgagcatctt-cagctca-3', 5'-ctgtccaagacgacggacta-3'; for defensin -5'-ttccgtttcctttacgtgct-3', 5'-atcagcaggtttgttggaac-3'). Oligonucleotide primers (Biolabtech company) were used. The calculation of relative amount of gel pictures was conducted using TotalLab program. The intensity of gel picture staining was calculated as a number of pixels, the data were registered in conventional units (c.u.).
To make sure that mRNA[s] of P. herpotrichoides do not influence the results of RT-PCR of mRNA expression of plant lectin and defensin genes during infecting, we conducted separate RT-PCR of mRNA of studied genes of T. aestivum fungal mycelium and conidia. The absence of PCR products with cDNA of lectin and defensin of fungus may be explained by the fact that primers, selected for amino acid sequences of plant nucleic acids, do not launch corresponding synthesis with fungus cDNA.
The results were statistically processed, they were considered reliable at 5% error using Student's criteria.
Results and Discussion. According to the data of Lepekhin et al. [15] , a considerable number of lectins are synthesized during seed germination at early stages of seedlings development. Besides, the application of mRNA transcription inhibitor allowed to prove the existence of a pool of spare forms of lectin mRNA in wheat germs [16] which promotes quick increase in the lectin activity due to the synthesis of protein de novo.
Our research on the expression of lectin gene in healthy seedlings of Mironivska 808 cultivar, sensitive to eyespot, demonstrated gradual accumulation of mRNA during 6 hours of the experiment (Fig.1 ). It may be explained by the fact that the expression of protective proteins genes occurs not only in conditions of pathogenesis or under the influence of elicitors, but also in the course of normal ontogenesis of plants -seeds germination, flourishing, and tissues ageing. The induction of such stress molecules as protective proteins, which are rather specific towards phytopathogens, is considered to be the launch of a mechanism of plants pre-adaptation to possible infecting, as this stress factor considerably diminishes life potential of plants and makes them more sensitive to pathogen aggression [17] .
There is a completely different picture in case of infecting. At early stages of infection in the conditions of development of defence response, there is an increase in the activity of a series of enzymes in plants, with the synthesis of mRNA and proteins de novo [18] . The fungi suppressors, inhibiting the resistance of plants to infecting, are known to inhibit protective biosynthetic activity of damaged tissues [19] . Immunosuppression is an inherent feature of parasitism, and immunosuppressors are natural antagonists of elicitors which induce sensitivity to diseases in plant tissues. The research of Medvedeva et al. [19] proves that the activity of suppressors is aimed at inhibition of new proteins synthesis. It determines the activation of tissues, induced by recognition of pathogen plant.
There are grounds for logical assumption that this inhibition of new formation of protective proteins by fungi suppressors also occurs either at the transcription level proper, or at the level of signalling systems, activating transcription. This may explain considerable decrease in the number of mRNA in infected seedlings of susceptible Mironivska 808 cultivar 1.5 hour after the start of infecting. In our opinion, subsequent accumulation of mRNA is conditioned by the launch of other signalling systems, activating defence mechanisms, namely, overcoming of suppressor effect of a fungus by the plant.
The research of dynamics of lectin mRNA number in healthy seedlings of resistant Roazon cultivar revealed insignificant fluctuation (not more than 8%) of this index, which is explained by active growth processes and biosynthesis of a large amount of other proteins. Meanwhile, there is a tendency to gradual accumulation of mRNA.
The study on the mRNA dynamics in infected seedlings of the resistant cultivar demonstrated insignificant decrease in mRNA content 1.5 hours later. Probably, it should not be considered as the inhibiting effect of fungal suppressors, i.e. it is possible that first visible changes in the level of lectin mRNA are registered 3 hours after the start of infecting. By that time the amount of lectin mRNA is 112% compared to the level at the infecting moment, and 4.5 hours later it is as high as 128%. Therefore, the expression of lectin gene and accumulation of mRNA occur in response to the effect of pathogen.
The comparison of results on lectin mRNA accumulation in wheat tissues of both sensitive and comparatively resistant cultivars shows that this index for Roazon cultivar is much higher than that for Mironivska 808 cultivar both in the control and in case of infecting: it is 2.6-3.8 and 2.9-4.7 times higher in the control and during infection, respectively. It means that a spare pool of lectin mRNA of the resistant cultivar is much more substantial than that of the sensitive one and can be one of the factors of cultivar resistance. The study on the dynamics of the expression of defensin gene in the seedlings of sensitive and comparatively resistant wheat cultivars during infecting with P. herpotrichoides revealed a different picture. During the experiment there was decrease in the amount of defensin mRNA in control seedlings of the sensitive cultivar Mironivska 808, which is in agreement with the data on the presence of DNA-derivative transcripts in maturing and mature seeds and on their almost complete absence in healthy non-infected leaves [9] (Fig.2) .
A considerable decrease (4-fold) in the amount of defensin mRNA is observed in the seedlings of the sensitive cultivar just 1.5 hours after the moment of infecting, then it gradually increases. But even 6 hours after infecting it is 3 times lower than the initial value. Probably, it may be explained by the an inhibiting effect of immunosuppressors of pathogen on the expression of defensin genes.
The analysis of the defensin mRNA content change in the seedlings of the resistant cultivar Roazon demonstrated that there was no decrease in the number of transcripts in the control during the experiment; on the contrary, insignificant increase was observed. In our opinion it is in agreement with the data of Terras et al. [9] on the evacuation of defensins into the environment during germination of seeds and formation of its own micromedium, in which fungi growth is inhibited. It is possible that pre-adaptation synthesis of protecting protein and formation of micromedium in the seedlings tissues of the resistant cultivar is the reason for both high level of defensin genes expression, and, probably, formation of a spare mRNA pool.
During infecting there is a double decrease in the amount of mRNA in the seedlings of resistant cultivar, but the rates of restoring mRNA level are twice higher than those for the sensitive cultivar. Probably, the rate of restoring capability to express genes of protective proteins is one of indices determining the degree of cultivar resistance.
Comparison of the results on accumulation of defensin mRNA in wheat tissues of the sensitive and comparatively resistant cultivars testifies to the fact that the character of changes in this index is the same for cultivars, different in their resistance, in both control and infection. However, the boundaries and, therefore, fluctuations of absolute values for the sensitive cultivar are broader than those for the resistant one. In other words, in this case the inability to support constantly a high level of the protective genes expression seems to have negative impact on cultivar resistance.
Conclusions. The dynamics of expression of lectin and defensin genes in seedlings of winter wheat cultivars, different in their level of resistance, which were infected with P. herpotrichoides, evidenced that the stress effect of phytopathogen changes the content and ratio of studied transcripts of antimicrobial substances, lectins and defensins, genes in plant tissues. The increase in expression of lectin mRNA was revealed in non-infected seedlings of studied cultivars. This index is considerably higher in tissues of resistant cultivar seedlings than that for the seedlings of the sensitive cultivar both in control and during infection. It means that a spare pool of lectin mRNA is much more substantial for the resistant cultivar as compared with sensitive one, which may be one of the factors of cultivar resistance.
The study on the dynamics of mRNA expression of defensin gene in non-infected seedlings revealed that this index decreases for the sensitive cultivar, while it gets somewhat higher for the resistant one. During infection the character of changes in this index is stable for the cultivars, different in their resistance. However, the boundaries and, therefore, fluctuations of absolute values for the sensitive cultivar are broader than those for the comparatively resistant one. In this case the inability to support constantly a high level of the protective genes expression seems to have negative impact on cultivar resistance.
The changes and differences in mRNA content of protective minor proteins of lectin and defensin in tissues of wheat cultivars, different in their resistance, which were revealed during infecting with eyespot causative agent, characterize these proteins as a vital constituent in the formation of adaptive reactions to pathogenesis. The inhibiting effect of pathogen immunosuppressors on the expression of protective proteins genes determines the degree of induced resistance of winter wheat plants to the pathogen depending on the level of accumulation of mRNA of minor protective proteins -lectins and defensins. 
